Abstract-An efficient cooling system consisting of a plate, on which copper nanorods (nanorods of size ~100nm) are integrated to copper thin film deposited on Silicon substrate, so that a pool boiler was developed. This high efficiency heat transfer equipment has a base of dimensions 6cmx6cm. This device could have the potential to be an extremely useful device for small and excessive heat generating devices such as MEMS or Micro-processors. This device does not require any external energy to assist heat removal which is a great advantage compared to its counterparts.
Heat and fluid flow (both single-phase flow and flow boiling) in microscale has been rigorously studied to achieve the goal of higher heat removal capabilities. Recently, nanostructured surfaces have been utilized to achieve high heat transfer performance due to enhanced heat transfer area and positive effect on heat transfer coefficients with diminishing length scale. Moreover, nanostructures also provide additional active nucleate sites so that they could promote nucleate heat transfer in boiling. The applications of nanostructured surfaces in boiling focus on pool boiling. Recent results of pool boiling on nanofluids [1] [2] [3] [4] [5] [6] [7] and nanostructured surfaces [8] [9] [10] [11] have shown significant heat transfer enhancement compared to plain surface and unseeded liquids, respectively. The investigators working on pool boiling with nanofluids detected nanoparticle coating on their heater surface, which modified the surface characteristics [1] [2] [3] [4] [5] [6] [7] . They could visualize the increase in surface roughness with nanoparticle surface coating and the decrease in contact angle (thus the increase in wettability), both of which contributed to enhance critical heat flux(CHF). The authors could reproduce CHF values using pure water on nanoparticle coated surfaces. Significant increases in heat transfer coefficients and the critical heat flux, and dramatic reductions in boiling inception temperatures have been reported by independent research groups dealing with nanostructured surfaces and nanofluids in pool boiling [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Motivated by the results in the above mentioned studies, the focus of this paper is to propose a compact nanostructured based pool boiler for thermal management applications in microscale. Preliminary tests on this pool boiler were conducted and boiling curves were obtained from a nanostructured configuration and a plain surface configuration. The potential for such compact pool boilers having no pumping and moving components in the use in microscale cooling applications was exploited and promising results were obtained. An efficient cooling system consisting of a plate, on which copper nanorods (nanorods of size ~100nm) are integrated to copper thin film deposited on Silicon substrate using the glancing angle deposition (GLAD) technique (which is also called oblique angle deposition, is a physical self-assembly growth technique that can provide a novel capability for growing 3D nanostructure arrays with interesting material properties such as high electrical/thermal conductivity and also reduced oxidation compared to the polycrystalline films), a heater, the Aluminum base, and a pool was developed. This high efficiency heat transfer equipment has a base of dimensions 6cmx6cm. The base is a specially designed and machined Aluminum block to enhance heat transfer with minimum loss from the heater placed beneath the aluminum block, which transfers heat flux to the nanorod integrated plate specimen placed on top of it. A container made of Plexiglas is closely fitted on top of the Aluminum block to create the desired pool for the pool boiling experiments on the nanostructured plate (made of Silicon). The heat generated by the film miniature heater is delivered to the nanostructured plate of size 1.7cmx1.5cm through the base. Heat is transferred with high efficiency to the liquid within the pool above the base through the plate by boiling heat transfer. Top and cross-section views of glancing angle deposited (GLAD) Cu nanorods.
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